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(57) Abstract: The invention 
relates to crystalline Cefdinir 
ammonium salt of formula (I). 



ABSTRACT 

CRYSTALLINE CEFDINTR AMMONIUM SALT 

The invention relates to crystalline Cefdinir ammonium salt of formula 

a) 




0) 

and to a process for the preparation thereof. This salt is particularly 
advantageous in that it allows to prepare highly pure Cefdinir. 
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CRYSTALLINE PROM OF CEFDINIR AMMONIUM SALT AS AN INTERMEDIATE FOR THE PREPARATIO 
N OF PURE CEFDINIR 

Field of the invention 

The present invention relates to cephalosporins, in particular to Cefdinir 
and intermediates for its preparation. 

Background of the invention 
5 Cefdinir (chemical name 7-(Z)-[2-(2-aminothiazol-4-yl)-2- 

hydroxyiminoacetamido]-3-vinyl-3-cephem-4-carboxylic acid) is a third 
generrtkrc semisynthetic cephalosporin with a wide antibacterial spectrum, v 
particularly effective against infections caused by staphylococci and 
streptococci. 

10 This antibiotic is often prepared through processes comprising the 

recovery of intermediates, for example salts with acids and bases, which 
increase the purity of the finished product without the need for further 

* 

purification steps -such as chromatography- which would be troublesome or 
costly on an industrial scale. 
15 WO 2004/056835 discloses a crystalline Cefdinir salt with phosphoric 

acid, whereas WO 02/098884 discloses crystalline Cefdinir salts with sulfuric 
acid and methanesulfonic acid. 

US63 50869 discloses a crystalline Cefdinir salt with 
dicyclohexylamine. 

20 Cefdinir ammonium salt is cited in WO 2004/046154 (examples 3 and 

4) as starting product for the preparation of amorphous Cefdinir monohydrate, 
but its recovery is not disclosed, nor is it given any indication as to its 
physical form. 

As it is known, the cephalosporins' P-lactam ring opens in neutral and 
25 basic aqueous solutions and cephalosporins ammonium salts are in general 
very soluble in these solutions, therefore precipitation of cephalosporins as 
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ammonium salts in pure and crystalline form is usually difficult. 
Disclosure of the invention 

It has now been found that by adding ammonia to aqueous solutions or 
suspensions of Cefdinir and by properly increasing the ionic strength of the 
5 solutions or suspensions, crystalline Cefdinir ammonium salt of formula (I) 



10 




cr O NH 4 + 



(I) 



can be isolated. The salt is characterised by the following powder X-ray 



diffraction. 



15 



20 
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The spectrum is also graphically reproduced in Figure 1. Cefdinir 
ammonium salt has an IR spectrum (in KBr) with the typical stretching of the 
ammonium ion at 3269 cm" , as shown in Figure 2. Moreover, the spectrum 
5 shows the stretching of the carbonyl group of the p-lactam ring at 1747 cm" 1 
and the stretching of the amide carbonyl group at 1668 cm" 1 . The l H-NMR 
spectrum (Figure 3) confirms the presence of the ammonium ion. 
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The crystalline salt of the invention shows double refraction to 
polarized light and has prism form, whose dimensions are up to 100-150 |im. 

The crystalline salt of the invention shows high HPLC purity (higher 
than 99.5%) and good stability, 
5 The salt of the invention can be obtained from a solution of Cefdinir in 

an aqueous solvent, obtained by adding first aqueous ammonia, so as to adjust 
the pH in the range of from 6 to 8, preferably from 6 to 7, and then increasing 
the ionic strength of the solution with an inorganic salt. 

•"* v Cefdinir aqueous solutions can be obtained by dissolving Cefdinir or by 
10 working up reaction mixtures for the preparation of Cefdinir through 
deprotection of protected intermediates (according to literature methods). 

Suitable solvents for the preparation of the salt of the invention are 
water or mixtures of water with alcohols, such as methanol, ethanol, 
n-propanol, isopropanol, n-butanol; with ketones, such as acetone, 
15 methyl-ethyl-ketone (MEK); with water-miscible ethers, such as 
tetrahydrofuran; with nitriles, such as acetonitrile; with esters, such as methyl 
acetate or ethyl acetate. Particularly preferred is the solvent mixture consisting 

of water and ethyl acetate. 

To achieve crystallization, concentrated: Cefdinir solutions, preferably 

20 with a concentration higher than 1 5 g/1, should be used. 

If desired, after addition of ammonia, the aqueous Cefdinir solution can 
be treated with charcoal, then filtered or. eluted through a cartridge containing 
charcoal, or loaded onto reverse-phase silica or adsorbing resins and then 
eluted. 

25 The inorganic salts used to increase the ionic strength of the solution 

are selected for example from sodium chloride (NaCl), ammonium chloride 
(NH 4 C1), sodium monohydrogen phosphate or dihydrogen phosphate 
(Na 2 HP0 4 and NaH 2 P0 4 ) arid ammonium dihydrogen phosphate 
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5 

[(NH 4 )H 2 P0 4 ]. 

Crystallization temperature ranges from -5°C (if this is compatible with 

the reaction solvent/s) to room temperature, preferably from 0°C to 10°C. 

»*- • . 

It might be advantageous to trigger the precipitation by addition of seed 
- 5 crystals of previously obtained salt. 

The ammonium salt of the invention is recovered by filtration and 
washed with the same solvent mixture from which the product precipitates. If 
desired, the salt can be submitted to a final washing with one of the organic 
solvents used as cosolvents, preferably isopropanol. The, ..product is finally^ 
10 dried in static or rotating oven, at 20-40°C under vacuum. 

Crystalline Cefdinir ammonium salt is characterized by high HPLC 
purity (higher than 99.5%) and complete water solubility. 

The crystalline salt of the invention can be conveniently used in a 
process for the preparation of Cefdinir monohydrate or crystalline form A 
15 with high purity, by dissolution of the salt in water or in water/water-miscibile 
solvents mixtures as described above, followed by acidification with a mineral 
acid, for example hydrochloric acid. 

The inorganic ammonium counterion increases the solubility and 
dissolution rate of Cefdinir in water or ; water/water-miscibile solvents, and 
20 allows to prevent degradation caused by pH stress (excessive amount of base, 
high local pH following the base addition), which occurs in purification 
processes starting from Cefdinir (amorphous, crystalline form A of the Patent 
Fujisawa US4935507 and hydrate) or salts thereof (phosphate, sulfate, 
methanesulfonaite and dicyclohexylamine). 
25 The invention will be now illustrated in greater detail by means of some 

examples. 

Description of the figures 

Figure 1: X ray spectrum of Cefdinir ammonium salt. 
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t 

Figure 2: IR spectrum of Cefdinir ammonium salt (recorded on a Perkin 

■ 

Elmer Spectrum 1000 spectrometer in 1% KBr, 16 scannings, 4 cm' 1 resolution). 
Figure 3: ^-NMR spectrum of Cefdinir ammonium salt recorded in 

DMSO-<f 6 after 16 scannings on a 300 MHz Varian mercury spectrometer. 

5 _ 
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EXAMPLES 

Preparation of crystalline Cefdinir ammonium salt 
Example 1 

Cefdinir phosphate (10 g) is suspended in water (112.5 ml) and ethyl 
10 acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 

* 

solution is obtained. Seed crystMs^d^elfdittir ammonium salt are added and 
the solution is slowly stirred at 5°C for one hour. The crystallized product is 
filtered and washed first with water then with isopropanol. After drying 
15 crystalline Cefdinir ammonium salt (4 g) is obtained with high purity. HPLC 
purity - 99.8%; assay = 94.5% (KBr) 3269, 1747, 1668 cm -1 . 
Example 2 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
20 adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Ammonium dihydrogen phosphate (5.8 g) and seed crystals of 



4 • 

QQNFH^TKDNXX)PY 
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Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, adjusting pH to 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water then 
with is.opropanol. After drying crystalline Cefdinir ammonium salt (6.5 g) 
5 identical to the product of example 1 is obtained with high purity. 

Example 3 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
- a<3yasting pH to 6.5 and keeping the temperature at 5°C. -until a solution is 

i 

10 obtained. Ammonium dihydrogen phosphate (11.6 g) and seed crystals of 
Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, keeping the pH at 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water and 
then with isopropyl alcohol. After drying, crystalline Cefdinir ammonium salt 

15 (8 g) identical to the product of example 1 is obtained with high purity. 

Example 4 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 
(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping: the^temperature- at 5°C, until a solution is 
20 obtained. Ammonium hydrogen phosphate (17.4 g) and seed crystals of 
Cefdinir ammonium salt are added and the mixture is slowly stirred at 5°C for 
one hour, adjusting pH at 6.5 by addition of a diluted ammonium hydroxide 
solution. The crystallized product is filtered and washed first with water then 
with isopropanol. After drying, crystalline Cefdinir ammonium salt (9.4 g) 

* 

25 identical to the product of example 1 is obtained with high purity. 

Example 5 

Cefdinir phosphate (10 g) is suspended in water (112.5 ml) and ethyl 
acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
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. by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Ammonium dihydrogen phosphate (7.5 g) and seed 
crystals of Cefdinir ammonium salt are added and the mixture is slowly stirred 
at 5°C for one hour, adjusting pH at 6.5 by addition of a diluted ammonium 
5 hydroxide solution. The crystallized product is filtered and washed first with 
water then with isopropanol. After drying, crystalline Cefdinir ammonium salt 

* 

(6.2 g) identical to the product of example 1 is obtained with high purity. 
Example 6 

Cefdinir phosphate (10 g) is suspended. m-watei?:(112.5 ml) md ethyL 
10 acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop 
by drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Sodium dihydrogen phosphate (14 g) and seed crystals of 
Cefdinir ammonium salt are added and the solution is slowly stirred at 5°C for 
one hour, keeping pH at 6.5 by addition of a diluted solution of ammonium 
15 hydroxide. The crystallized product is filtered and washed first with water 
then with isopropanol. After drying crystalline Cefdinir ammonium salt (5.9 g) 
identical, to the product of example 1 is obtained with high purity. 
Example 7 

Cefdinir phosphat^OK) J|J?kF sttsperided-in water (112.5 ml) and ethyl 
20 acetate (7.5 ml), then a diluted ammonium hydroxide solution is added drop by 
drop, adjusting the pH to 6.5 and keeping the temperature at 5°C, until a 
solution is obtained. Sodium monohydrogen phosphate (14.4 g) and seed 
crystals of Cefdinir ammonium salt are added and the solution is slowly stirred 
at 5°C for one hour. The crystallized product is filtered and washed first with 
25 water then with isopropanol. After drying crystalline Cefdinir ammonium salt 
(5.5 g) identical to the product of example 1 is obtained with high purity. 
Example 8 

Crude Cefdinir (10 g) is suspended in water (170 ml) and ethyl acetate 

ftrtMCIDMATtrtfd rfV^DV 
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(12 ml), then a diluted ammonium hydroxide solution, is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Ammonium chloride (20 g) and seed crystals of Cefdinir ammonium 
salt are added and the solution is slowiy stirred at 5°C for one hour adjusting 
5 pH at 6.5 by addition of a diluted ammonium hydroxide solution. The 
crystallized product is filtered and washed first with water and then with 
isopropanol. After drying, crystalline Cefdinir ammonium salt (8.9 g) identical 
to the product of example 1 is obtained with high purity. 



(12 ml), then a diluted ammonium hydroxide solution is added drop by drop, 
adjusting pH to 6.5 and keeping the temperature at 5°C, until a solution is 
obtained. Sodium chloride (30 g) and seed crystals of Cefdinir ammonium salt 
are added and the solution is slowly stirred at 5°C for one hour. The 
15 crystallized product is filtered and washed first with water then with 
isopropanol. After drying, crystalline Cefdinir salt ammonium (9.1 g) identical 
to the product described in example 1 is obtained with high purity. 



ethyl acetate (630 ml) at a temperature of 5°C and the solution is treated with 
active charcoal. The pH of the clarified solution is adjusted to 2.5 with diluted 
hydrochloric acid. The crystallized product is filtered and washed in sequence 
with water then with isopropanol. After drying, crystalline Cefdinir 
25 monohydrate (8.7 g) is obtained with high purity. 



10 




20 




Water (K.F.) = 5.5%. IR: (KBr) 3300, 1786, 1752, 1667, 1610, 1544 cm" 1 . 



Example 1 1 

Cefdinir ammonium salt (10 g) is dissolved in water saturated with 
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ethyl acetate (330 ml) at a temperature of 5°C and the solution is treated with 
active charcoal. The temperature of the clarified solution is set to 35°C and 
the pH is adjusted to 2.2 by addition of diluted hydrochloric acid. The 
crystallized product is filtered and washed with waxer. After drying, Cefdinir 
5 crystalline form A (8.2 g) is obtained with high purity. The resulting product 
is crystalline and shows an IR spectrum (KBr: 1765, 1685, 1543 cm" 1 ) and X 
ray diffractogram identical to those reported in example 4 of US 4,935,507. 
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CLAIMS 

1 . Crystalline Cefdinir ammonium salt of formula (I) 
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characterized by the following diffraction spectrum: 
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2. Use of the salt of claim 1 for the preparation of Cefdinir. 



WO 2006/053625 



PCT/EP2005/011385 



Sheet 1/3 



Figure 1 
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Figure 2 




4000.0 



3000 



450.0 



ctn-1 



WO 2006/053625 



PCT/EP2005/011385 



Sheet 3/3 



Figure 3 



OH 

II 



-ooc 



X NIL 




9 

2.0.9 0.5 



18 



- * i 



UN 



9 

1.0 1.0.0.1 



1^ 



2.0 



1 1 1 I 1 I 1 I I 1 1 I I I I I I I I I I I I I I I M I I I I I I M I I I I I 1 I I I M { I M 1 1 I I I I I I M I I I I I M I I I I I I I I M I M M I I I 
IttO 9.5 9.0 8.5 8.0 IS 7.0 6J 6.0 SJ 5.0 4.5 4.0 3.5 3.0 25 10 



INTERNATIONAL-SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

C07D501/00 



Interr^fcial application No 

PCT/EP2005/011385 



According to International Patent Classification (IPC) of to both national classification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

C07D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indicate, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 2004/046154 A (ORCHID CHEMICALS & 
PHARMACEUTICALS LTD) 
3 June 2004 (2004-06-03) 
cited in the application 
examples 3,4 

WO 2004/035800 A (ANTIBI0TIC0S S.P.A.) 
29 April 2004 (2004-04-29) 
the whole document 

WO 98/45299 A (BIOCHEMIE GESELLSCHAFT MBH) 
15 October 1998 (1998-10-15) 
cited in the application 
the whole document 



1,2 



1,2 



1,2 



-/- 



m 



Further documents are listed In the continuation of Box C. 



See patent family annex. 



* Special categories of cited documents : 

'A" document defining the general state of the art which is not 
considered to be of particular relevance 

■E # earlier document but published on or after the International 
filing date 

'L* document which may throw doubts on priority ctalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

a P" document published prior to the international tiling date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

"Y* document of particular relevance; the claimed Invention 
cannot be considered to involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an, 

"&" document member of the &ame patent family 



Date of the actual completion of the international search 



24 February 2006 



Date of mailing of the international search report 



03/03/2006 



Name and mailing address of the ISA/ 

European Patent Office, P.B. 581 B Patentlaan 2 
NL-22B0HV Rljswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Cortes, J 



Form PCT/ISA/210 (second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 



"Inter^jna! application No 

PCT/EP2005/011385 



^Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



0KAM0T0 Y ET AL: "Degradation Kinetics 
and Isomerization of Cefdinir, a new Oral 
Cephalosporin, in Aqueous Solution. 1" 
JOURNAL OF PHARMACEUTICAL SCIENCES, 
AMERICAN rrftRMACEUTICAL -ASSOCIATION. • 
WASHINGTON, US, 

vol. 85, no. 9, 1996, pages 976-983, 
XP002281475 
ISSN: 0022-3549 
the whole document 



1,2 



•T. 



Form PCT/ISA/210 (continualion of second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 



Patent document 
cited in search report 



Publication 
date 



M 

Interfjpnal application No 

PCT/EP2005/011385 



Patent family 
member(s) 



Publication 
date 



WO 2004046154 A 



03-06-2004 AU 2003276525 Al 



W0 2004035800 A 29-04-2004 AU 2003293585 Al 



W0 9845299 



15-10-1998 



15-06-2004 
04-05-2004 



CA 


2500791 


Al 


29-04-2004 


EP 

Lb 1 


1546155 


A2 


29-06-2005 


JP 

V 1 


2006501305 


T 


12-01-2006 


AT 


405283 


B 


25-06-1999 


AT 


57097 

9 / V7/ 


A 


15-11-1998 


AU 


731413 


R2 


29-03-2001 


AU 


/ HCOO-70 


A 


30-10-19Q8 


RR 

L>l\ 


QR0Q745 


A 


20-06-2000 


CA 


9PAT71R 
CCOOf xo 


Al 


15-10-1998 






A 


LU U4 tvUU 


DE 


69816056 


Dl 


07-08-2003 


DE 


69816056 


T2 


15-04-2004 


EP 


0973779 


Al 


26-01-2000 


HU 


0002987 


A2 


28-02-2001 


ID 


22536 


A 


04-11-1999 


JP 


3421354 


B2 


30-06-2003 


JP 


2000514833 


T 


07-11-2000 


NO 


994466 


A 


15-09-1999 


PL 


335620 


Al 


08-05-2000 


SK 


134399 


A3 


16-05-2000 


TR 


9902406 


T2 


21-02-2000 


US 


6350869 


Bl 


26-02-2002 



Form PCT/ISA/210 (patent family annex) (April 2005) 



